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I. SUMMARY

Springborn Laboratories, Inc. is engaged in a study of potentialily
usefull low cost encapsulation materials for the Flat-Plate Solar
Array Program (FSA) funded by the Department of Energy and adminis-
tered by the Jet Propulsion Laboratory. The goal of the program is

to identify, test, evaluate and recommend encapsulation materials

and processes for the fabrication of cost-effective and long life
solar modules. During the past quarter these investigations have
included continued invescigations of accelerated aging techniques for
module component lifetime studies, an investigation of candidate outer

cover films and continued evaluvation of soil-repellant coatings.

A program of acceleratzd aging is being conducted for the purpose of

(a) generating empirical and practical data relating to longevity,

(b) rating and ranking of the stability of candidate formulations, and
(c) generating data that may be used in mathematical model for the
prediction of service life. 1In this report the results of RS/4 sun~-
lamp are compared for dry conditions versus that incorporating a water
spray cycle, The results of 10,000 hours of this type of accelerated
aging show that the water spray (simulating rain extraction) imposed

no additional stress on almost all of the specimens tested. Only one
material , Acrylar acrylic film,was effected by the water spray and
appeared to lose its physical properties more rapidly than its dry
counterpart. Additicnally, the water spray resulted in loss of UV
screening agent from this material with a consegquent decrease in its
ultraviolet protective gquality. More data was obtained from the Out-
door Photothermal aging racks (OPTs ). These are devices that age poly-
mers in natural sunlight while accelerating the degradation reactions
with heat. They are on only during the sunlight hours and are operated
at 70°, 90° and 105°C. The first set of (pottant) specimens has been
completed under these exposures. At the lowest temperature, most of the
formulations are still under test after 4,000 hours, however one formu-

iated without the hindered amine stabilizer (Tinuvin 770) failed (zero



tensile strength) with 2,000 hours. The 90°C condition appears to be
more severe and no material survives past 3,000 hours., The EMA for-
mulations appear to be somewhat better thL.n the EVA compounds under
these conditions and the formulation without the HALS stabilizer de-
graded well within the 1,000 point. The high temperature unit (105°C)
is the most severe of the three and results in large decreases in most
properties within 1,500 hours. The results obtained with the OPTs are
very encouraging in that it is now possible to degrade candidate poly-
mer formulations under conditions similar to the intended application
and within periods of time short enough to refcrmulate for the optimum
stability. 1In addition, the OPTs have clearly shown the need for the
HALS type stabilizer, and new formulations have been deployed to test
the effectiveness of a number of commercially available compounds. In
addition, whole modules have been put under test to examine the longevity

and mode of failure rfor a complete system of components. In this type

of exposure, the pottants now also have the benefit of the protective glass

superstrate or outer cover film that extends their life.

Outer cover films are required for the protection of substrate designed
modules in which the cells are supported from the underside. The outer
cover must be highly transrarent and weatherable. Initially, it was
thought that UV screening was also a necessity, however most of the
candidate pottants are sufficiently stable that the additional protection
may not be required. This now increases the number of materials that

might be suitable for this application. Some of the more expensive fluoro-

polymers may still be cost effective due to their low refractive indices.
The improvement in optical coupling may result in an increase in module
efficiency of several percent. Some of these newer candidates will be

evaluated further in future work.



An experimental program continued to determine the usefulness of soil
resistant coatings. These coatings are intended to be surface treatments
applied to the sunlight side of solar modules and function to prevent the
persistent adhesion of soil to the surface, aid in its removal, and con-
sequently keep the power output high. These treatments have been applied
to "Sunadrx" glass, Tedlar and oriented acrylic film. After twenty four
months of outdoor exposure a fluorosilane treatment designated E-3820, was
found to be the best coating for all three outer surfaces and result in

significantly better soil resistance than the controls.

3.



II. INTRODUCTICN

The goal of this program is to identify and evaluate encapsulation materi-
als and processes for the protection of silicon solar cells for service in

a terrestrial environment.

Encapsulation systems are being investigated consistent with the DOE objec-
tives of achieving a photovoltaic flat-plate module or concentrator array

at a manufactured cost of $0.70 per peak watt ($70/m2) (1980 dollars). The
project is aimed at establishing the industrial capabilitv to produce solar

modules within the required cost goals by the year 1986.

To insure high reliability and long-term performance, the functional compo-
nents of the solar cell module must be adequately protected from the en-
vironment by some encapsulation technigue. The potentially harmful elements
to module functioning include moisture, ultraviolet radiation, heat build-
up, thermal excursions, dust, hail, and atmospheric pollutants. Addition~
ally, the encapsulation system must provide mechanical support for the cells

and corrosion protection for the electrical components.

Module design must be based on the use of appropriate construction materiais
and design parameters necessary to meet the field operating requirement, and

to maximize cost/performance.

Assuming a module efficiency of ten percent, which is equivalent to a power
output of 100 watts per m? in midday sunlight, the capital cost of the mod-
ules may be calculated to be $70.00 per mé. Out of this cost goal, only 20
percent is avallable for encapsulation due to the high cost of the cells,

interconnects, and other related components. The encapsulation cost allo-

cation®’ may then be stated as $14.00 per m2 which included all coatings,

a. JPL Document 5101-68

The former cost allocation for encapsulation materials, was $2.50/m2
(0.25/££2) in 1975 dollars, or $3.50/m® ($0.35/ft2) in 1980 dollars.
The current cost allocation of $l4/m2 is an aggregate allocation for
all encapsulation materials including an edge seal and gasket.



pottants, and mechanical suppcrts for the solar cells.

Assuming the flat-plate collector to be the most efficient design, photo-
voltaic modules are composed of seven basic construction elements. These
elements are (a) outer covers; (b) structural and transparent superstrate
material+; (c) pottants; (d) substrates; (3) back covers; (f) edge seals and
gasket compounds; and, (g) primers. Current investigations are concerned
with identifying and utilizing materials or combinations of matérials for

use as each of these elements.

Throughout this program, extensive surveys have been conducted into many clas-
ses of materials in order to identify a compound or class of compounds opti-

mum for use as each construction element.
The results of these surveys have also been useful in generating first-c .t
cost allocations for each construction element, which are estimated to be as

follows (1980 dollars):

Approximate Cost

Allocation*

Construction Elements ($/m?)
Substrate/Superstrate 7.00
(Load Bearing Component)

Pottant 1.75
Primer 0.50
Outer Cover 1.50
Back Cover 1.50

Edge Seal & Gasket 1.85
*Allocation for combination of construction elements: $l4/m2.
From the previous work, it became possible to identify a small number of

materials which had the highest potential as candidate low cost encapsula-

tion materials. The first page of Appendix A (Table I' gives the status of
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candidate encapsulation materials identified to date, These materials are
thought to be the most satisfactory for use as the construction element in-

dicated.

In addition to materials, two encapsulation processes are being investigated:

1) Vacuum bag lamination

2) Liquid Casting

The suitability of these processes for automation is also being investigated.
However, the selection of a process is almost exclusively dependent on the
processing properties of the pottant. This interrelationship may have a

significant influence on the eventual selection of pottant materials.

Recent efforts have emphasized the identification and development of potting
compounds. Pottants are materials which provide a number of functions, but
primarily serve as a buffer between the cell and the surrounding environment.
The pottant must provide a mechanical or impact barrier around the cell to
prevent breakage, must provide a barrier to water which would degrade the
electrical output, must serve as a barrier to conditions that cause corro-
sion of the cell metallization and interconnect structure, and must serve

as an optical coupling medium to provide a maximum light transmission to the

cell surface and optimize power output.

This report presents the results of the past year which has been directed at

the continuing development and testing of pottants and other components.

The topics covered in this report are as follows:

(a) the comparison of two closely related aging techniques, RS/4 and RS/4

with water spray,

(b) the results of pottant exposure on the Outdoor Photothermal aging racks
(OPTSs),

(c) a survev of new candidate outer cover materials, and

(¢) continuation of the study of anti-soiling coatings for the surfaces of

PV modules.,



III. AGING AND DEGRADATION STUDIES

The candidate encapsulation materials being investigated in this project
are intended for the construction of solar cell modules for terrestrial
deployment and consequently must be capable of enduring the operating
temperatures, insolation, precipitation and other elements of the outdoor
exposure in the geographical region selected., Although the severity of
these conditions may be fairly accurately gauged (climatic atlas, weather
records, etc.) the lifetime and performance of individual materials or
combinations of materials is not as easily assessed. The chemical path-
ways and rates at which materials age in outdoor exposures are very complex

and predictive techniques often turn out to be inacurrate.

The degradation of polymeric materials in outdoor weathering is caused primar-
ily by sunlight, especially the ultraviclet component. In actuality, the
deteriorating effect of light is usually enhanced by the presence of oxygen,
moisture, heat, abrasion, etc. and in most cases may be referred to as photo-

oxidation, resulting from the combined effects of oxygen and sunlight.

Sunlight reaching the earth is filtered through the atmosphere, removing
shorter wavelengths up to 290 nm before it reaches the surface of the earth.
Thus, ultraviolet effects on plastic result primarily from wavelengths of
approximately 290-400 nm, which constitute less than 4 percent of the total

sclar radiation reaching the earth,

The shorter the wavelength of light the greater is its potential to produce a
chemical change in material. This energy must first be absorbed in order fur

damage to occur.



The degradative effects of these environmental stresses may be effectively in-
hibited by the incorporation of specially formulated additives to the polymer.
Compounds that serve as ultraviolet light absorbers, antioxidants, hydroperox-
ide decompusers, metal deactivators, etc. may result in dramatic improvements
in the service life of polymeric systems. Regardless of the inherent sensitiv-
ity of the polymer or the effectiveness of the additives and formulation, the

question of lifetime under service conditions remains an important gquestion.

Accelerated tests are freguently used to assess long term aging effects and
compare the effectiveness of stabilizers in providing improved protection
against environmental deterioration. Typically, properties such as tensile
strength, elongation at break, apparent modulus, resistance ot flex cracking

and other properties are measured on samples aged for known periods of time
under specified conditions. These tests are useful for determining the relative
stability of polymers and formulations, but correlation with actual service is

not always accurate.

This is especially true for outdoor aging where the conditions of weathering
cannot be precisely simulated or accelerated in the laboratory. Changes in
the ratio of crosslinking to chain scission, temperature variations, differing
oxygen concentrations, ultraviolet flux, dark cycle reactions, etc. add to

the difficulty of correlation and performance prediction. Accelerated tests
are useful, however, for the relative ranking and rating of materials and can

provide approximate acceleration factors that are useable over a certain range.

In order to assess the relative stability of individual polymers and to
determine the effectiveness of varying formulations, Springborn Laboratories
is conducting a program of accelerated aging and life predictive strategies
that should be useful for: (a) rating, ranking and reformulating candidate
encapsulation materials, (b) generating practical data that relate to mater-
ial performance under use conditions, and (c) generating data that may be

useful in some type of predictive manner for life assessment.
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These goals are being met by using the scheme presented in the following

diagram:

CANDIDATE |« T
MATERIALS

REFORMULATION

y <

RATING AND
RANKING
(AGING)

FAILURES PROMISING

LIFE
ASSESSMENT
(SURVIVORS)

This method is intended to serve as a multipurpose data source.

A variety of accelerated aging conditions have been set up at Springborn
Laboratories and are continually generating a data for the purposes pre-
viously mentioned. The aging conditions all employ either single stresses

or combinations of the following:

(a) thermal stress (heat aging)
. in inert atmosphere
. in air ,
(b) ultraviolet stress (UV exposure),
(c) hydrolytic stress (water exposure,,
(d) catalytic stress (metal catalyzed oxidation),

ie) combined stresses (any of the above together).

The effects of these stresses on the candidate encapsulation materials is
determined by measuring specific properties as a function of time. These
properties were selected for their relevance to module service life and were

chosen from four categories considered to be potentially life-limiting, as
follows:
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o] Mechanical: tensile strength, elongation, gel content, modulus

o} Optical: yellowing, haze, optical transmission from 0.4 to
1.1 microns

o Chemical: loss of stabilizers, degradation, corrosion of inter-
connect metalization, metal catalyzed reactions, out-
gassing

o} Dielectric: field stress degradation, decay of breakdown strength,

leak current, loss of electrical isolation

A number of approaches to data modeling may be considered, the simplest

being first order behavior in which the log of the property being measured

in linear over log time. This relationship may be used easily for life
prediction, especially when the reaction rate is proportional to the tem-
perature (Arrhenius relationship). Polymer degradation is frequently a
complex relationship of many competing chemical reactions, however, and

may shift dramatically with subtle changes in temperature, light intensity,
additives, etc. The behavior most frequently observed is the "induction
period” type in which the degradation rate suddently changes and the property

vs. time curve shows a s.arp downward trend.

In this report the results of two selected accelerated aging conditions
are given. The first is a comparison of RS/4 sunlamp exposure with and
without water spray and the second concerns data cbtained from Outilcor

Photo~-Thermal aging reactors (OPTs).

A. RS/4 Expo~nres

The RS/4 Sunlamp exposure condition consists of a rotating table carrying
the test specimens beneallh a General Electric RS type sunlamp. This lamp
consists of a medium pressure mercury arc lamp in a gquartz tube balasted

by @ tungsten filament., The assembly is rniounted in an inert gas filled bulb
with a reflective coating and a transmission cutoff near 290 nm. The bulb
is additionally filtered with a piece of Pyrex (cutoff 300 nm) to insure the
apsence of spectra below the terrestrial limit. This condition is one of
the most easily monitored and is widely used throughout the plastics in-
dustry for the purpose of comparative aging. This device is a modifica-
tion of the test procedure ASTM D-1501, "Exposure of Plastics to Fluo-

rescent Sunlamp: and is operated at a temperature of SOOC.
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Photometric measurements of the RS/4 light source indicate that its
output in the terrestrial ultraviolet range is approximately 1.4 suns in
intensity. Because the lamp operates 24 hours a day, an additional ac-
celeration factor is included to give an overall ca}culated acceleration
factor of approximately 6.7. Equivalently, one year of outdoor exposure
(in terms of ultraviolet) is accomplished in about 1,300 hours of RS/4
exposure.a' Under these conditions, unstabilized polypropylene degrades

in approximately 160 hours and polyethylene in about 450 hours(at SOOC).

The RS/4 conditions are operated at a temperature of 50°C (except for

the temperature condition, not discussed in this report) and have two
variations, wet and dry. In the wet condition, the specimens are sprayed
with distilled water for ten minutes once every two hours. The purpose

of this modification is to simulate the effects of rainwater that may occur
in an outdoor environment and assess the fugitive nature o compounding

ingredients incorporated in the polymeric materials.

Tables 2 thru 6 in the appendix give the results for a number of dry

RS/4 exposures; tables 7 thru 11 give the results for the equivalent

wet condition. The materials compared to this evaluation are (a) EVA 9918
candidate pottant (ethylene/vinyl acetate), (b) EMA 13439 pottant (ethylene/
methyl acrylate, (c) PUZ-2591, an aliphatic polyurethane pottant, (d) Tedlar
100 BG30UT, a candidate outer cover film, and (e) Acrylar X22417, a can-
didate outer cover film based on acrylic chemistry. A comparison of the

performance of these materials is given as follows:

a., Willis, P,, et al., Investigations of Test Methods, Material Properties,
and Processes for Solar-Cell Encapsulants, Annual Report, ERDA/JPL=-954527,
Springborn Laboratories, 1lnc., Enfield, Connecticut, July 1980.




RS/4 Exposures:; Dry versus Water Cycle

Tables:

Dry/Wet Material

2/7 EVA 9918

3/8 EMA 13439

4/9 PU 2-2591

5/10 Tedlar 100BG30UT
6/11 Acrylar X-22417

Exposure
Time Property
10,000 Tensile
Elongation
Gel Content
UV Cutoff
10,000 Tensile
Elongation
Gel Content
UV Cutoff
15,000 Tensile
Elongation
Gel Content
UV Cutoff
15,000/ Tensile
10,000 Elongation
Gel Content
UV Cutoff
12,000/ Tensile
10,000 Elongation

Gel Content
UV Cutoff

12,

Performance

Dry Wet
1,520 2,810
570 675
69.8 69.8
357 300
2,280 2,217
657 200
34.4 €3.5
358 363
137 241
102 220
93.1 96.1
366 367
14,500 12,000
72 55
n/a n/a
355 358
14,500 2,200
7 1

n/a n/a
381 321
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As may be seen in the preceding chart, the values obtained for wet

and dry RS/4 conditions vary very little within the range of experi-
mental error. There are no major differences observed fcr values of
ultimate temsile strength, ultimate elongation, gel content (crosslink
density) or ultraviolet cutoff (retention of UV stabilizer) for most of

the materials tested.

The only real change between wet and dry conditions is found for Acrylar.
This material is an outer cover film candidate consisting of a biaxially
oriented acrylic film containing an ultraviolet screening compound. In
the exposure that included the water spray, the Acrylar film showed much
greater losses of tensile strength and its elongation decreased to the
point of not being testable in many specimens, Most conspicuously, the
ultraviolet cutoff wavelength dropped from 382 nm,in the control and dry
conditions,to 321 nm, indicating loss of UV screening stabilizer. These
results suggest that Acrylar may loose its protective screening property

with outdoor exposure.

In general, the RS/4 ircorporating the water cycle does not appear to add
much of an additional stress component to the aging condition and does

not result in increased degradation rates.

B. Outdoor Photothermal Reactors

The predominant cause of outdoor deterioration is photothermal aging;

the combination of heat and ultraviolet light. In all the laboratory
techniques devised to date, it is mainly the light that is increased
(photoacceleration) through the use of arcs and discharge lamps. In the
OPT reactors, natural sunlight is used as the light source and the specimen
temperature is incrsased. The OPT reactors consist of heated aluminum
blocks surfaced with stainless steel and mounting hardware to hold the test
specimens flush with the surface. The reactors are tilted at 45°  south and
the device turns on at sunrise and off at sunset. Three temperatures have
initially been selected: 70°C, 90°C, lOSOC. This approach eliminates the
difficulties associated with the irregular spectrum of artificial light
sources, exposes the specimens to other environmental conditions such as
rain and polluticn, and additionally incorporates a dark cycle. The only

acceleration, therefore, is in the temperature, all other environmental
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conditions being present in their natural occurrence and intensity. This
condition is therefore considered to be a closer approximation meaning-

ful acceleration of modules and modvle components than the other types also
being used. The results for specimens depolyed to date are given in tables
12 through 17 (70°C), tables 18 through 23 (90°C) and tables 24 through 29
(lOSOC). A general comparison of the performance of these materials is
presented in the following table in which the percent of criginal tensile
is given as a function of exposure time. The presence of several zeros in
a row indicate that the specimen remained in sufficiently good condition to
continue under exposure but that the mechanical properties did not permit
physical testing. Conditions shown as a single zero indicate that the poly-

mer was too degraded to provide further information.



Outdoor Photothermal Aging Reactors

Percent Tensile Strength Retained

8):4 7o°c Exposure Time, Hours
{Eible = Compounda 1000 1,500 2,000 3,000 4,000
12 EVA 9918 1527 - 1964 1248 140%
13 EMA 152257 82% - 294 91y 89%
1 PU 22591 123 - 158% 1564 1548
1 EMA 16717 92y - 891 84% -
By EvA 16718a 97% - 93% 1C1s -
1T EVA 167188 S3y - 4.9% - -
opr 90°%¢
18 EVA 99i8 1338 - - - -
' 19 EMA 15257 61% - 25% - -
.22 U 2-2591 1013 - - - -
an EMA 16717 6% 641 20% - -
22 Eva 16713a - . - - -
]
23 EVA 15718B N - - -
opT 105°C
24 EVA 9918 983 - 124 - -
25 EMA 15257 50% - 11% - -
26 PU 2-2591 137% - - - -
27 EMA 16717 53% 15% - - -
28 Frn 16718a 683 8% - - -
29 EVA 16718B - - - - -
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As may be seen in the preceding chart, the 70°C condition is the least severe
of the three and most of the candidate pottants under exposure have survived
3,000 to 4,000 hours without much Jecrease in tensile strength. The one ex-
ception is an experimental formulation of EVA designated 16718B that is es-
sentially cdestroyed at the 2,000 hour point. This compound contains the
co-polymerized ultraviolet screener (UV-2098, American Cyanamide) but neo
hindered amine type stabilizer (Tinuvin-770, Ciba-Geigy} which appears to be
essential for its stability. The 90°C condition is seen to be much more severe
with all candidates terminating within 3,000 hours. The most stable of the
candidate resins appear to be those based on EMA, which last 2,000 hours but
become untestable at the 3,000 hour point. The EVA formulations do not perform
quite as well and degrade to the point of being untestable for mechanical
croperties with 2,000 hours of exposure. The least stakle formulation (EVA
16718B) was again the one without the hindered amine type light stabiliz:r. The
105°C OPT conditions were the most severe and no candidate pottant survived
much beyond 1,500 hours without considerable decay in properties. The EMA re-
sins showed no particular improvement over the EVA specimens in this condi-
tion. Under this test, the EVA formulation A92918 appears to out perform the
new EVA formulation 16718A, which contains TBEC, Tinuvin-770 and co-reacted
Cv-2098. ione of the OPT specimens arpear to be losing UV screener and the

cutoff wavelenaths are unchanged.

The early Zfailure of formulations without the Tinuvin-770 stabilizer again point

ocut the importance of HALS stabilizers on the usccessful protection of polyolefins.

The OPT data gathered so far is considered to be a "calibration" run in order

to assess the relative acceleration rates of these devices, This data also de-
monstrate the fact that they are an effective method for the rapid aging and

and ranking of module materials under conditions similar to those of the intended
applicatien. In the future, the evaluation periods will be more closely spaced
in order to examine the changes in polymer properties with greater precision and
guide the development of further formulations. In addition to individual mater-
ials, wheole modules may be exposed on the OPTs and the interactions of complete
systems observed. Sets of two-cell trial modules have already been deployed for

this purpose and will be evaluated in subsequent reports.
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Iv. OUTER COVER MATERIALS

Due to the relatively high cost of glass (appx. $0. 90/ft } and the low cost of
structural materials such as steel ($0.2 S/ft ) and wood products ($O. lS/ft ),
substrate designs offer a potential cost advantage in the construction of PV
modules. With the use of wood or mild steel and additional cost component
will be required for environmental protection, however the composite cost is
still imagined to be considerably lower than that of a glass surfaced super-~
strate module. In substrate designs, the cell string is supported from the
underside, leaving the cell string and pottant exposed on the outer sunlit

side.

Soft elastomeric materials must be used for pottants in order to prevent crack-
ing of the silicon cells due to stresses resulting from thermal expansion dif-
ferences. Soft materials are prone to soiling and dust retention, however,
which reduces the light transmission and impairs the module efficiency. Hard
coatings are, therefore, desirable to avoid this problem. Additionally, the
function of UV screening is required for the outer cover in order to reduce the
effects of photolytic degradation and provide the maximum useful lifetime for

the pottant and other components.

The properties of an idealized outer cover may be stated as follows:
(1) high optical transparency;

(2) compatible refractive index properties to the pottant that favor optical
coupling;

(3) chemical compatibility with either the pottant or a suitable primer or
adhesive to insure a high reliability bond that will not delaminate
during the useful lifetime of the module;

(4) inherent weatherability;
(5) ultraviolet light screening properties to protect the underlying pottant;

(6) anti-reflective properties to increase the total light transmissicn (if
used on the sunlit side);

(7) resistance to thermal cycling without melting, cracking, or deforming;

(8) csurface hardness sufficient to retard soiling and to withstand cleaning
processes in routine maintenance;

(9) abrasion resistance to prevent loss of material or sufficient hazcs %o
impair the transmission characteristics.
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In accordance with these requirements, Springborn Laboratories has con=

tinued to evaluate transparent weatherable organic films and coatings that have
the ability to screen out UV light. Many of the candidate pottant compounds do
not appear to need this UV protection however, and seem to be remarkably stable
to photod2gradation. The RS/4 sunlamp exposure, normally regarded as severe
in the polyrer industry, results in failure of EVA 9918 candidate pottant only
aftecr 40,000 hours. This is a remarkably long time and indicates a high re-
sistance tc plro%todegradation. If the photolytic effect is not considered to

be a problem then the investigation of suitable outer covers may now be ex-
panded to include films and coatings that do not have screening properties. The
following table is a survey of commercially available outer cover films, both

screening and non-screening.

The two most important factors are cost ($/ft2/mil) and the power transiiission,
The best overall combination is found for Acrylar X22417. This is a three mil
oriented acrylic film containing a screener,and although it has low cost and high
transmission it is very difficult to handle(notch sensitivity) and shows evi-
dence of outdoor degradation. The next most promising film is oriented Kynar
(Pennwalt Corporation, Philadelphia, PA). This material is now being marketed

as a transparent, weather resistant film designed for solar energy application.
This strong, tough, fatigue resistant film is particularly useful for solar col-
lectors, solar stills, and greenhouse glazing. Kynar PVDF is exceptionally stable
to ultraviolet radiation, its mechanical properties are maintained throughout many
years of outdoor exposure. The manufacturer claims that oriented Kynar film on
accelerated weathering to an equivalent of 16 to 28 years exposure, lost 2-5%

of its original specular transmittance and showed only insignificant change in
m--hanical properties. Additionally, its lower refractive index than acrylics or
Tedlar films should be an advantage in optical coupling to increase the transmit-
ted light. The idea of optical coupling to improve the throughput of power is also
» consideration. Light entering any combination of materials in which there is a
discontinuity in the index of refraction will result in a partial reflection at
the interface and consequent loss of transmitted energy. The degree of this re-

flection is the reflection coefficient, R.
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For a given interface with index n1 on one side and n, on the other, the reflection

coefficient, R, can be expressed as:

2
X o (n1 - “2)
(n1 + n2)2

R 1is reflection coefficient
nl is refractive index of medium 1
n, is refractive index of medium 2

For example, if medium 1 is glass (Index 1.5) and medium 2 is air (1.0), the reflection
coefficient R =

R = ——i—g—f%%;— = 0,04 or 4%
For passage of light through a pane of glass, there will be . loss of about 4% on
entering and another 4% on leaving. This value agreés well with experimental data
and gives a glass/air interface a maximum transmission of 92%., Repeating the cal-
culation for FEP (Fluorinated ethyylene/propyvlene copolymer, DuPont) with a refrac-~
tive index of 1.345 gives a reflection coefficient of 2.16% per reflection, This
indicates that the maximum transmitted power of an FEP/air interface is 95.7%, a
difference of 3.7%. This improvement in the use of available sunlight may well

justify the use of a more expensive film.

Due to the potential for improved weatherability and power output with these films,
these are being incorporated into the evaluation program as candidate outer cover
materials and will be assessed for suitability in module applications. A table of
some of the more promising commercial candidates and their relevant properties is

given on the following page.
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VI. SOILING EXPERIMENTS

The performance of photovoltaic modules is adversely affected by surface soil-
ing, and generally, the loss of performance increases with the gquantity of

soil retained on their surfaces. To minimize performance losses caused by
soiling, photovoltaic modules not only should be deployed in low-soiling geo-
graphical areas, but also should have surfaces or surfacing materials with low
affinity for soil retention, maximum susceptibility to natural remcval by winds,
rain, and snow; and should be readily cleanable by simple and inexpensive main-

tenance cleaning technigues.

The action of soiling is considered to include accumulation, natural removal by
wind, rain, and snow: and activation of mechanisms that result in surface soil-

ing that resists natural removal, thus requiring maintenance methods.

The theoretical aspects of soiling have been addressed recently in documents by

-r b The basic findings of these studies show

. a
the Jet Propulsion Laboratory.
that the rate of soil accumulation in the same geographical area is material
independent and that rainfall functions as a natural cleaning agent. The ef-

fectiveness of the cleaning effect of the rain is material dependent, however.

Based on the postulated mechanisms for soil retention on surfaces, certain
characteristics of low-soiling surfaces may be assumed. These are: (a) hard,
(b) smooth, (c) low in surface energy, (d) chemically clean of water soluble
salts, and (e) chemically clean of sticky materials, It is possible that cost
effective coatings having these required porperties may exist and be applied
to solar module surfaces and result in low maintenance costs and preserve the

effective generation of power from these devices.

a. Cuddihy, E, F., "Erc-apsulation Materials Status to December 1979" LSA
Project Task Report 5101-144, Jet Propulsion Laboratory, Pasadena, CA
January 15, 1980.

b. Hoffman, A, R., and Maag, C. R., "Airborne Particulate Soiling of Terres-
trial Photovoltaic Modules and Cover Materials", Proceedings of the Insti-
tute of Environmental Sciences, May 11-14, 1980; Philadelphia, PA.



The candidate materiale for the outer surface of solar modules currently con-
sist cf low-iron glass, Tedlar fluorocarbon film (DuPont) and biaxially
oriented acrylic film, Acrylar (3M Corporaticn; product X=-22417). These mate-
rials are 211 relatively hard, smcoth and free of water soluble residues,
conseguently experiments were conducted to determine if an improvement in
soiling resistance could be obtained by the application of low surface energy

treatments.

Of the initial seven coatings of treatments initially explored in this program,
four were continued for evaluation of anti-soiling effectiveness out to twenty-

elght months of outdoor exposure. These four treatments are:

1. L-1¢68, an experimental fluorochemical silane produced by 3M Corporation
that is used to impart water and oil repellencey to glass surfaces. This

material is not yet commercial.

2. 1L-1668 following treatment of the surface with ozone activation (for the

organic films only).

3. Dow Corning E-3820-103B, an experimental treatment consisting of perfluoro~
decancic acid coupled to a silane (Z2-6020). This compound is not commer-

cially available,

4. The E-3820-103B following surface treatment with ozone to create active

sites on the organic polymer films.

Ozone treatments are not used with the glass because no surface activation occurs

in this case,

These coatings/treatments were applied to each of the three candidate outer
surfaces using the recommended application technigue. The organic fi.m mate-
rials, Tedlar ard Acrylar, were supported by a piece of glass on the undersice,
and attached with a colorless ~d ultraviolet stable pressure sensitive adhe-~

sive. The completed test coupons were then mounted in outdoor racks on the



roof ¢{ Springborn Laboratories' facilities in Enfield, Connecticut. Evalua=-
tion was performed monthly and a record of rainfall was kept in order to co=-

relate soiling effects with precipitation.

The degree of soiling on the completed specimens was measured by power trans-
mission using a specially designed standard cell device. This instrument
measures the drop in short circuit current, Isc, with the use of a laboratory
grade volt-ohm meter. This method was found to be better than spectroscopic
measurement, due to difficulties in mounting the test specimens at the spec-
trometer port., Additionally, the use of a silicon cell as a detect.r gives a
more meaningful reading due to the response to scattered light 1e direct

measurement or the variation in cell power.

The results of months of outdoor exposure ar: give in Tables 30 through 32,
and Figures 1 through 3 . The tables give the values for the percent
variation in short ecircuit current for Sunadex glass, Tedlar film and Acrvlar
film, for each month and each coating. 1In the figures, the values for control

and the best performing treatments are graphed for clarity.

The data for Sunadex low-iron glass is given in Table 3?7 and Figure 1 .
Sunadex glass, and the treatments applied to it, gave specimens with the best
overall inherent soil resistance., Tue control and most of the coated speci-
mens followed the same pattern of rising and fallirng simultaneously throughout
the exposure period and the rainy months showed a dramatic decrease in power
in all cases. A constant differential was found between the control measure-
ments and the most effective coating, E-3820, which was consistently in the

order of 0,5 to 1,0 percent better than the untreated control.

This has been the case throughout the exposure period except for the twenty-

fourth month, in which the control gave slightly better performance,

The treated specimens have shown a significant improvement in the transmission
of usable power and have "self-cleaned" effectively during periods of suffi-
cient rain. The E-3280 treatment has been founc to be somewhat better than
the L-1668, and the enhancement of power from a module with this coating is

estamiated to be about 1% over a two year period.
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Data Ior the second candicdate outer surface, Tedlar (1003G30UT) flucrocarbon
film is given in Table 29 and Figure 2 . The overall performarce and in-
herent soiling resistance of this material is much worse than for the Sunadex
glass. Untreated conctrol specimens cegraded steadily in power throughout to
& maximum lcss of 8.8% in the tenth month, recovering to about L% in the sube
secuent months. All the coatings azplied to Tedlar improved its resistance
to soil accumulation, however, the fluorcsilane treatments were ccnspicuously

better than the other.

Of all the tr-atments used with Tedlar 1003G300UT, only one aprears to retzin

its use 'lness at the 28 month point. Again, E-3820 is founé to be the most
effective coating and shows significant improvement over the c:ntrol values.
Treatments with E-3820 resulct in I, measurements that run consistently 3-3%
better than the cecntrol or other treatments. The usefulness of this coating

on Tedlar is clearly shown in the Figure ( 2 ) and the estimated improvement

(v

n proéuced power over a two year period of time is about 2.8%,

Data for the last cancicdate film, Acrylar X-22417, is given in Table 30 and

The Acrylar acrylic £iim formulations sciled much more severely than the Suna-
cex glass and Tedlar specimens. All the specimens steadily icst power through-
out the exposure period, however, almost all of the treatments had a benr’icial
effect. The uncoated control specimens scileé very badly and at one point
(10th month) dropped to a low -1C.8% power loss. Following this point, the
control fluctuated at about 7-8% decrease in I ., while the treated specimens

varied widely in value.

In the first year of exposure, the L-1]168 treatment was marginally better than
the Czone/E-3820 fluorosilane, both running 2% to 3% ahead of the control.
In the second year, however, the effectiveness of the L-1€68 apr-ars to decline

anéd the Ozone/E-3820 performs conspicuously better, returning to 0% loss in
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in the twenty-first month, following heavy rainfall. This treatmen: was found
to run several percent better than the other surface chemistries ané about
€% better than the control. Over a two year period of time, the estimated

improvement in short circuit current is estimated to be about 3.9%.

Observations of the data trends in soiling show that the low points, in the
tenth ané twentieth months, corresponéd to periods of little rainfall. These
are the winter months in EZnfield where there is almost no rain ané the pre-
cipitation occurs as snow, which is not thought to have much of a cleaning
action on .tr= specimen surface. 2ll the specimens begin to regain their trans-
mission and Isc values as the Spring rains occur in the months of April

through June. The rainfall data, which correlates well with the fluctuations

of soiling data,

In summary, low surface energy treatments, based on fluorosilane chemistry,
appear to be effective in retarding the accumulation of soil on candidate outer
surfaces of interest in module construction. The most successful treatments
identified to date are: <£for Sunadex ané Tedlar, E-3820, for Acrylar, ozone
pretreatment followed by E-3820. This surface coating is based on expensive
fluorochemicals, however, it should prove to be cost-effective due to the
extremely small amount that is applied to the surface. This coating appears

to be effective where there are weather conditions that result in "natural
cleaning” of the surface, and it seems that a certain amount of rain is re-

guired to keep the light transmission high,



APPENDIX A

Tables 1 through 32



JPL 6072.1

TABLE I

ORIGINAL PAGE 19
OF POOR QUALITY

Status of Candidate Encarmsulation Materials

(Identified in Springborn lLabs Procram)

Surface materials & modification

Top Cocvers

{(with UV screening property)
a. Glass

b. Tedlar X00 BG 30 UT

c. Acrylar Akcrylic f£ilm
(X-2241-6, =7)

Pottants

o. Ethylene Methyl Acrylate
{13439)

c. Aliphatic Polyether Urethane

(2-2591)
d. Poly Butyl Acrylate (13870)

Electrical and mechanical spacer

a. Non-woven glass mats
Substrate panels

a. Hardboards

b. Strandboard
c. Glass-reinforced concrete

d. Mild steel (including gal-
vanized & enameled)

Back Covers

a. Aluminum foils & polymer
laminates

b. Tedlar, Mylar, Korad
(polymer films)

Gaskets

a. ~EPDM (standard or custom
profiles)

Sealants
a. "Tape" sealants

b. Gunnable sealants

Ethylene Vinyl Acetate (A9918)

Under developrment (Springborn)

Available, many commercial sources
Available (DuPont)
Available (3M Corp.)

Bvailable (Springborn, Rolland)
Available (3pringborn)

Available (Development Associates)

Availatle (Springborn)

Available (Crane Co.)

Available (Masonite, "Super-Dorlux",
Laurel 200, Ukiah Standaré Hardboarad)

Under development {Potlatch Corp.)
Under development (MB Associates)

Available, many commercial sources

Available

Available (DuPont, Excell, 3M)

Available (Pawliiig Rubber Co., others)

Available (Tremco, Pecora, 3M)

Available (Tremcc, 3M, others)
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Exposure Condition ;

Material ; EVA_A9918
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RE/4¢ DRY

Notsbook No: A12504-3

TAZie

1 = moderate color

6 s extTeme degradation

9 = gurface cracks

Atmogphere : Air Temperature : 50 °¢
Description : Caadidate pottant ; standard commercial grade EVA
Dxposure, Era. 0 (control)] 2,880 | 35,760 8. 640 15. 120 Enad
i Date :
E
¢ | Unit Na.: 3 ] 5 3 3
&
No. of Specinens 10 5 H 5 5 end
Tensile streagth, psi | 1, 890 1,930 1. 349 1. 460 1. 520
1t eloogation, % 510 631 £s0 590 570
- | Modalns ., pei 890 T80 820 aso 87%
-
123
': Swell Ratip 32.2 a. 8. a. 28.5
= Gel contear, % 74% a. a. a. 69.8%
Appearasce fFnsparen 1 1 1 1
Total optical , &T
2oV cam#, am 358 1ss 356 357 357
& Color * #,T.400n ™ 76.0 2.7 45.5 28.7 29.5
»| Dielet, Stgth., V/mil b, b. b, b.
(7]
a
i | Leak czrreat, ma b. b, b. b.
Coovoer dust, 9T s/a n/a o/a ala a’a
'g Covoer meml e
3| Alumigum —
2160/40 Soider —
= { Nickel w—
3 | Tiasieg -
'rer ——
Notss : a. not measured
b. insufficient material
1 = o change 4 = stroag calor 7 = melted
2 = faint color S s degradad 8 = brokea
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POLYMER AGING STUDIZS :

Droisc: No. $072,1 Table 3
Sxyposure Condition : RS/4 Dry
Material : EMA 13439 Notebook No: 13872-1
Atnosocaere : Air Temperature : 50 *C
Descrintion : Candidate pottant
| |Bxpasure, Hrs, 0 ‘contrul 2, 880 5. 760 7,608 10, 000 15. 000
§ Date : ‘
! i “mit No.* 4 4 4 1 1
w
| *1Ne. of Specimens 10 5 s 3 3 End
i R
Zensile strexgth, pei 2,000 2,690 2,420 2. 400 2,280
Glt. elongation, % 570% 623% 647 6807 657%
< | Modulus , psi 3,240 a. a. 2,000 3,200
s
153
‘i Swell Ratio 11.2 a, 24.3 28.4 25.5
3
“1Gel conteat , % 62% a. 20% 59% 34. 4%
Appearaace Clear 1 1 1 1
Totl optiecal , %7
2/TV catoff, om 354 a, s 360 158
F
viColor *, T 400 am 73.0 16.8 15.6 20,4 25,2
| Dielce, Stgth.., V/mil b, b, b. b,
1
2
2| Leak current, ma b, b, b, b.
Cooper dust, % T n/s n/s n/a a/s n’a
o LGooper dust,
= .Coover menl —
Sl Alumigum —
8160/40 Soider —
| Nickel —
3| Timaium —
§ilﬂr w—
Notes : a. 20t measured
b, insufficieat sample
1 = 20 changs 4 = strong color 7 = melted
2 = faint eolor 5 = degraded 8 = broken

3 = moderate color

6 = extreme degradation

9 = surface cracks
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POLYMER AGINC STUDIES

Tazls

3 = mwoderate

color

6 = extreme degradation

9 = surface cracks

Exvosure Condition : _ RS/4 DRY
&&C‘I‘i&l . PU Z-2591 Notebook No:* 14600
Amnosohere : Air Temperature : 50_°c
Description : Candidate pottant - casting system
Exposure, Hrs. 0 icontrol)| 2,160 4, 125 6, 000 8. 000 10, 000
s Date :
£
$ ) Cnit No.: 6 é 6 6 6 b
#[Remaining
No. of Specimens 22 18 14 11 8 4
Tensile strength, psi 160 196 131 199 193 137
Tlt. elongation, % 115 143 105 143 232 102
- | Modulus , psi 254 263 241 222 226 180
L]
o
‘i Swell Ratie 2,7 a. 3.3 3,45 3.6 3.7
£
“1Gel zontent, % 93.2% a. 91, 7% 93% 9% 93,1
transparen}
Appsaraace .h"tpl " ! 1 e 2
Total optical , %T
2| TV cutotf, am 366 366 367 367 366 366
Clcolor *4T-400 am | 63.6% | 32.2 52.4 17.5 15.3
.| Dielet. Stgth., V/mil b. b, b, b, b.
o
L4
iz | Leak curreat, ma b, b, b. b, 5.
. {Coover dust, T n/a _n/s _n'a n/a nla n'a
* Gopper metal ——
§ Aluminum —
2160/40 Solder —_—
L [ Nieket —
8 Timnium _—
Silver =
Notes : a. not measured
Y. insufficient sample
1 = no chaage 4 = strong coler 7 = melted
2 = faiat color 5 = degraded 8 = broken
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Proiect No, 6072.1 Pogx’.\mé AGING Sm_g_ Pace S
Exposure Condition : RS/4¢ DRY
Material : Tedlar 100BG3I0UT Notsbook No: A12811
Armosphere :  Air Temverature : 50 °C
Description : Outer cover candidats
Exposurs, Hrs. 0 (control) 2,880 5,760 9. T44 15,120 20. 000
; Date :
£ Unit No.: 6 6 3 3 3 3
& 1 sarang No. )
No. of Spacimesns 10 20 13 8 5 4
Tensile strength, psi 17,700 16, 819 16, 200 16. 400 14,500 13, 300
Clt. elongaticn, % 1% 70 78 69 65 72
. . 5
- [ Modatns , pai 2.4x10° J6x105 |2.5x:05[10x10° [2x10° [2x10
Q
E. Swell Ratio na na na na n/a n’a
z Gel content , % na na na na al/s n/a
Appearance hagy 1 1 1 1 1
Toal optical , %7
2|ov carwit, am 113 355 356 354 354 355
3 1:14 At blue
Q Color = hasv 1 1 1 1 1
2| Dislet. Stgth., V/mil a. a. a. 8. a.
9
(]
@ | Lesk current , ma [ a. . .. ..
. Couper dust. % T - ea aa na na na
e b ‘1 ——
SiAlemigum a—
3160/40 Solder F—
& [ Nickel —
§{Timaium —
ilver —
Notes : a. insufficient sample
1 = no change 4 « strong color 7 = melted
2 = faiat color 5 s degraded 8§ « bruken

3 = moderste color

6 = extreme degradation

9 = surface cracks
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3 » moderats color

Proisct No. 6072,1 LIMER AGING S 1ES tacle &
Exposure Condition ;: RS/4 DRY
Material ; Acrvlar X22417  Nocsbook Ne: A12528
Atmogphere : Air Temperature : 50 _°C
Description : Outer cover candidate ; biaxially orientsd acrylic film
Exposure, Hrs. 0 (control)] 1,440 2,880 5,760 | 12,000 End
¢ |Date :
E
$ | Unit Neo.: 4 4 4 4 4
a
No. of Specimens 10 H 5 5 5
" Teasile strength, psi | 24, 000 24.000 13, 200 15, 000 14,500
Ult. elongation, % 1 1 1 6 7
i 5 5 5 s
...Modulu.po 4.4x10° J4x10 a. 6x10 5x 10
L]
.i Swell Ratie Soluble n/a ala n/a n/a
& Gel content, % Soluble a/a a/a n/a n/a
Transpare
Appearazcs mmp‘. f 1 1 1 1
Total optical , %7
S| UV cutotf, am 382 381 382 382 381
a‘ Color *= Clear 1 1 1 1
2| Dieles, Stgtha, V/mil b. b. b, b,
']
[ ]
& | Leak current, ma b, b, b, b.
Copper dust, %T a/s a/s n/s n/a n/a
'g Covover meal a—
P———
Sl Aluminum a—
E 60/40 Solder —
s | Nickel —
8| Timsium e
ﬂ“r a—
Notas: | 3, °° 116,000 | 100, 000 . . 94. 800
s, not measured c. Viscosity average molecular weight
b. insufficient specimen
1 = 20 change 4 » strong color 7 = melted
2 = faint color 5 = degraded 8 = brokea

6 s axtreme degradation 9 = surface cracks




Proiect No. 6072,1 POLYMER AGING smg Tatie 7

Exsosure Condition : RS/4-WET { 15264 )

Matesial : EVA Notebook No: A9918
Atmosohere : Ailr Temperatare : 50 *¢

Descrintion :

Exposure, Hrs, 0 (controll} 2,000 4, 000 6, 000 8, 000 10, 000
§ Date :
s - =50
;_ Uait Ne.: ¢9 9 9 9 9 9
)
No. of Specimens 10 3 3 3 3 2
Tensile strength, psi 1, 8%0 3.240 3,080 3.650 5.930 2.810
Ult, eiongation, % 510 690 610 680 758 678
- | Modulus , psi 890 740 674 362 950 T4
. ]
i3
E_ Swell ratio 32.2 20.6 20,1 21,3 22.3 18.1
-
= iGel content, % 4 % 70.5% 75.0% 67.5% 66, 4% 69.8
Apvpearance T xhg‘”‘T 1 1 1 1 1
Total ovtical , BT
2 UV cutott, am 355 351 356 3% | 353 360
5 Color =, %’r 400 am colorless 1 1 62.3 45,7 55,0
< | Dielet, Stgth., V/mil n/a n’a a’a n’s n’a
[
Z|Leak curreat, ma b. b. b. b. b,
/ / / / /
o e B e e s e
e a——
Sialuminem ———
2160/40 Solder v
= [Nickel —
;3 Titanium —
Silver —
Notes :

a. levels off to 0.3%7T at this wavelength
b. insufieient tegt gsoscimen

1 s a0 chaage 4 = strong coior 7 = melted
2 = faint eolor 5 s degraded 8 = broken
3 » moderate color ¢ ; extreme degradation 9 « surface cracks
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Table 3

Proiec: No, 6072.1 POLYMER AGING STUDIES
Exposure Condition ; RS/4 - WET
Material : EMA Notebook No: Al1343%
Atrnosphere : Air Temperature : 50 *C
Description :
Exposure, Hrs. 0 icontrol] 2,000 | 4,000 6, 000 8,000 | 10.000
§ Date :
3 End
§. Unit No. : #9 9 9 9 9 9
A
No. of Specimens 10 3 3 3 3 2
Tensile streagth, psi | 2,000 2,990 3,150 2. 480 4,890 2.217
Tit. eiongation, % 590 585 643 650 580 600
- | Modulus , psi 3,240 3,370 3,290 1,610 4. 100 3. 790
s
81 Swell raco 11,2 10.2 131 14,2 7.88 16,7
£
~1Gel content , % 62% 62.2% 64, 3% 55% 60 % 63.5
Appearaace "‘3{;‘ “nr 1 1 1 1 1
Total optical , BT
81tV cutoff, am 354 355 354 353 155 363
=
S| Color = . %T 400nm |eoloriess 1 1 56, 4 45 60.0
| Dielee, Stgth,, V/mil b, b, b. b. b,
[
¥
3| Leak current, ma b, b. b. b, b,
| Copper dust. &T n/s n/a a’s n’s a/a n/s
"g Covoer metal —
,3 Aluminum —
c160/40 Solder ——
's' Nickel —
S iTianium —
;il_v.g -———
Notes : b. insuficient test specimen
1 = no change 4 = strong color 7 = melted
2 = faint color § » degraded 8 « broken

3 ¢ moderats color

6 = extremie degradation

9 = surface cracks
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Project Mo, 6072.1 POLYMER AGING STUDIZS Zakle 9
Exvosure Condition : RS/4 - WET
Matarial ; Z-2591 Notebook No:
Atmosohere : Air Temverature : 50 °C
Description : Development Associates aliphatic polyurethane
Exposurs, Hrs. 0 (eontrol)] 2,000 4,000 ¢, 000 8. 000 10, 000
; Date :
s znd
‘i Unit No.: $9 9 9 9 ° 9
&
No. of Specimens 10 H 3 3 3
Tezsile strength, psi 160 210 115 80 320 241
Tlt, elongation, % 118 158 75 60 21% 220
- | Modulus , psi 254 172 214 74 181 219
[ ]
1
'i Swell index 2.7 3.4 3.5 3,64 4,5 3,8
*
= 1Gel content, % 93.2% 94, 4% 97.2% 98% 97% l 96.1
trangoarent
Aposarance sheet 1 1 1 1 [ 1
Total optical , %T
21UV cutott, am 366 367 s ase™ | 363 167
é. Color * , T 400nm | Clesr 1 1 51,3 58.8 60
= | Dielet. Stgta., V/mil b, b. b. b, b,
v
©
T | Leak curzrent, ma b, b, b, b. b,
o [Gopper dust. %l n/a a/s n/s a’a _a's als
c LGopoer metal —
Z2iAluminum o—
2160/40 Solder —
= | Nickal —
¢ [ Timaium —
Silver — !
Notes : 8. levels off to 0.3%T at this wavelength
. insiufficient tagt specimen
1 » 8o change 4 = strong color 7 = meltad
2 = faint color 5 u degraded 8 = broken

3 « modenats

eolor

6 s extreme degradation

9 = surface craciks
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Table 10
Exvosure Condition : RS/4 - WET
Material : Tedlar Notebook No: 100BG30UT
Atmosphere : _ Air Temverature : 50°¢
Description :
Exposurs, Hrs. 0 (eontrol)| 2, 000 4, 000 6, 000 8,000 10, 000
§ Date :
3 ‘&ad
§ | Unit No. 49 9 9 9 9 9
%
Ne. of Specimens 10 3 3 3 3 2
Tensile strength,psi| 17,700 17.800 19, 600 18. 300 1. 230 18. 000
Ult. elongation, % 71 65 73 68 80 55
5
_ | Modulus , psi 2.4x10° [2.1x10 |2.7210° {17210 8x10® | 1.8x10°
L]
o
'i Swell index , % 0 a’a n’a a’a n’a n/a
=
“1Gel content , % 0 a’a n/a n’/a nla a/a
le dlue
Appearance sy film 1 1 1 1 1
Total optical , &7
2lTv cutotf, am 356 385 3853 3™ 381 358
é' Color ¢, 7 T-400 nmlv, sl. blue 1 1 60.8 48,9 55.0
2| Dielet, Stgth., V/mil b, b, b. b, b.
%)
@
=1 Leak current, ma b. b, b. b. b,
Copper dust, BT n’s n/s R/a n/a__! n's
“g Gopper metal e
SlAlumisum So—
21560/40 Solder am—
= | Nieke! —
G| Titanium —
Silver — |
Notes 1 5, 1levels off to 0,4%T st this waveleagth
b, ingufficient tegt sopecimen
1 = 20 change 4 = strong color 7 = melted
2 = faint color $ « degraded 8 « broken

3 &« moderate color

¢ = extreme degradation

9 s surface cracks
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Proiect No. 8072.1 POLYMER AGING STUDIES Table 11

Zxvosure Condition : RS/4 - WET

Material : Acrviar Notebook No: X-22417
Atmosohere : Air Temperaturs : ¢ ¢

Description : Biaxially oriented acrylic film - IM

Exposure, Hrs. 0 (control)f 2,050 4, 000 6,000 8, 000 10, 000
$iDate :
£ » )T
§ [Unit No. : #9 9 9 9 9 9
7]

No, of Specimens 10 3 3 3 3 2

Tensile strength, psi | 24,000 18,700 13, 400 12, 580 1,160 9. 200

Tlt. elongatioz, % 1 28 ~0 ~% 0 1
_ | Modulus , psi atx10 Joax10® | ox108 1221022 10% 2.8 x10°
1
é Swell index , % 0 n/a n's a’a n/a a/a
[
=1 Gel content , % 0 a/a a/a n's /s an/a
ntnncunn
Apoearance film 1 1 1 1 1

Total ovtical , % 7T

a. S

TV cutoff , am 382 351 s 3 350 © 321

Optical

Color *. 7T 400 am | colorless 1 1 75, 6% 70,8 66,0

Dielet, Stgth., V/mil d, d. d. 4. d,

Elect,

Leak curreat , ma d. d. 4. 4, d,

=
*

Covper dust. % T
LGovper metal
[Alumirzm
60740 Solder

/8 n/a n/s n'a n's /s

Nizke!

Corrosion

Tianium

\lver

Notes

a, this is the lowest value ( 0, 77) in the usual range . Zero % 7T is not
reached until 316 am,
b. levels off to 0. 4% T at this wavelength ¢, 2.1% level at this value,
d, inpufficient tegt sopecimen

1 = 20 change 4 = strong coler 7 = melted
2 » faint color $ « degraded ' § ¢ broken
3 « moderste color ¢ . ex:reme degradation 9 « suriace cracks
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3 s modersts color

é = axtreme degradation

EQLYMER AGING SIUDL Table 12
Exposure Cosdition ;  OPT
Matarial : EVA 9918 Notebook No:
Atmosvhere : Alr Temperature : 70 'C
Deacsiption ¢
Exposure, Hrs. 0 (eaazrol] 1, 000 2. 000 3. 000 4, 000 5,000
¢ |Date :
3 Tait No. A A A A A
| No. of Specimens 10 28 5 5
Tensile strengt:, pai 1,890 2.885 2,778 2,340 2,650
Tit. elongation, % 510 590 587 610 580
- | Modulus , pei 890 1,210 840 1,090 953
i
U
‘; Swell index, % 32.2 15. 8 18,7 17.3 16,2
, £ GCel contaat , % 74 80.3 91,58 89,1 88.6
Appeaancs Clear | 1 1 1 1
Total optical , % T |
E UV eutoff , amm 358 354 360 ' 44
Color ¢ 76.0 45 16 17 15.7
o | Dieles Stgtha, T /mil NT NT NT ) iy
[}
9
3({ Leak currest , ma NT NT NT NT
- LS 2 %I als n'a n’s
L Copper mesl —
5 ?muun S
2160/40 Solder [
& [ Nickel w—
3 [Tiasiom —
“r A—
Notes
1 = no change 4 s strong color ? s meltad
2 = faiat eolor 5 = degraded § » brokes

9 = surfacs cracks
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QéYMER AGING STUDIES

Exvosure Copditios : ___ OPT

Taktle 13

Material : EMA 15257 Notebook Ne:
Atmosvhere : Air Temperature : 0 °c
Description :
Sxposure, Hrs. 0 (control)f 1,000 2, 000 3.000 4. 000 5.000 |
S iDate :
g ———
‘!' Uait No. : A A A A A
@
No. of Specimeas 10 25 5 5 5
Tensile strength, psi | 2 850 2, 327 2.530 2,610 2,530
Tit. elongation, % 640 590 600 610 598
« | Modulus , psi 3, 480 3,390 3.890 3, 420 3,624
-
¢
iSwenhdcx. % 11.4 9.3 12.4 10.2 c.8
®
“{GCel conteat, % 81 65.6 86.6 83.2 87.2
Apvearance Clear 1 1 1 dusty
Total optical , BT
2l ov canott, 2 351 364 363 361 359
5-1 Celor 7,7-400 am 65 21 20 32 29.0
| Dielet, Stgthe, V/mil NT NT NT NT
)
e
G| Leak curres:, =a NT NT NT NT
| Sopoer dust &7 a/s n/a ala als
'g Covoer metal —
S|Alomisues —
27'60/40 Solder ——
= | Nickel —
-
3 Timoiom —
ﬁnr —— |
Noates :
1 = 8o change 4 = strong color 7 = melted
2 = faiat color 5 s degraded 8 s brokes

3 « maoderata color

6 » extreme degradation

9 = surface cracks
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3 » modersts color

6 = extreme degradation

9 = surface cracis

Proiect No. POLYMER AGING STUDIES Tatle 13
Exvosure Coadition : OPT
Material : PU  Z-2591 Notebook No:
Atmosphere : Air Temperature : 0 °¢C
Deseription ¢
Exposure, Hrs. 0 (comtrol} 1,000 | 2,000 3. 000 4. 000 5,000
$ |Date :
£
$ | Unit Ne.: A A A A A
z
No. of Specimens 10 25 5 3 3
Tecssile strecgth, psi 160 197 253 i 250 247
Tlt. elongation, % 118 15§ 207 200 190
- | Modulus , psi 254 258 264 214 235
a
<
E Swell index , T 2.7 1.6 2.7 2.8 3.0
£ Gel content , % 93.2 94,6 97.5 03,4 02,1
Apoearance Clear 1 1 1 duasty
Total optical , T
STV cutotf , am 366 369 364 375 369
S Color = 63.3 22 26 24 9.4
= | Dielct, Stgth., V/mil NT NT NT NT
12}
-]
| Leak current , ma NT NT NT NT
[ Cooper dust. & T c/a n'a
’= Covper metal a—
2lAalumigsum —
2760/40 Soider —
= | Nickel —
3{Titacium —
Silver —
Notes :
1 = no change 4 = strong color 7 = melted
2 = faint color $ = degraded 8 = brokea
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- ?OE' YMER gm iggg %‘ ~atie i3
Exdosare Cordition : OPT

Material : EMA 16717 Netebook Neo: 16729
Azmospaere :  Air Temverarcre : 70 ‘¢
Descripdon :  EMA/TBEC/UV2098/Tinuviz 770
| iZxposure, Hrs. 0iconzzoly 1.000 | 2.000 | 3.000 ! ¢.000 ! 5
(. ] b ] '
| §|zace - ] i , i
tE ] i { | :
| §!Uniz No.: A A i A t A l . j
3 ! i i i ;
| 7 iXo. of Specimezs 10 12 5 | s | ! !
N 1 i s H H
i iTensile streagi.osi | 2.887 2.650 | 2.583 | 2.432 | ! ;
I 1 eloagatior. % 64t 6o | se3 | enn | | |
b ’ : ! :
| = | Modaius . osi 3.940 3,580 f 3.480 3.251 | : f
;1 3 " - :
|3 iswell index . % 1.2 11.5 10.8 | 116 |
PR ; :
i =!cel conte=t, % 0.0 | 79.3 s2.1 843 | |
[ v ‘
! EA;pct.’uce Clear H 1 ! 1 | '
: | Toal optical , % | ? ;
P 2oV cotesf, ar 363 163 361 347 :
' T Calor, HT-400 2= o 21% 20.8 | 205 | | ;
| =i Dielct Stgta., T/ mil NT NT NT i §
I 2 .
! 2! Zeak cusren:, ma NT NT NT ! g
' .
" i Copver dust, 5T | ;
i o i Covver mernl — i
. 2lAlesmisem — ! !
i 2750740 Solder — i i :
; = | Niekel — | ;
P & Simsium — 5
! _iSilver — i !
Notes :
1 = 20 chazge 4 = s:rong color 7 = melted
2 = Ziat color 5 = degraded 8 = broken

3 » moderate color 4 » ex:reme degradacion ¢ s suriace cracks
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?”i'cg No. i R AL Takle 16
ZExooscse Condizien : OPT
Mazerial : EVA 16718-A Notebook No: 16729
Acoosohere :  Alr Jempenamre: 70 °C
Sescrintion : EVA with TBEC, UV-2098 . Tisuvin 770
; Exposure, Ers. 3 icanezol)] 1. 000 2. 000 3.000 | 4.000 |
- ! !
l sjSamm: l . H
1 |
! ; Tai: No. : A A A A i
]
i 1Ne. of Specime=ns 1c 12 5 t ‘
i i?m‘.h screngt, psi 2.760 2,6% 2.580 2,792 !
|
i iTl. eloogation. % 580 $50 530 575
i
| _!Modulus , osi 782 1,200 1,010 953
Y
| 3!swell izdex, % 7.5 1.5 12.3 9.8
*
{ T 1Gel conzen:, % 9.7 90.2 89.4 3
i |Apoearazee Clear 1 1
; [?oul optical , %7 !
2oV, ax= 360 362 358 347
Clcolor %T-400mm 58 16% 18.3 17.5 ' '
= Dielcs, Stgth., Vimil NT NT NT
-
@
1 Leak cucrest, ™a NT NT NT
. Covoper duss, H T |
"o 1 Covres =etal —
Slalurniaves —
£160/40 Soldez — |
= [ Nickel — i J
& Timnium — !
Silves o !
Notss :
1 = 20 changse 4 = stTong coior 7 = melted
2 = faint color $ = degraded 8 ¢ broken

31 « moderate color

4 » axtrema degradation

3 = surface cracks
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Proiect No. POLYMER ACINC STUDIES

Tadble 17

3 ¢« moderate color

6 s extTeme degradsation

Exposure Coandition:  OPT
Material : EVA 16718-B Notebook No: 16729
At=mosphere : Air Temperature : 70°C
Deascription : EVA/TBEC/UV2098 no Tinuvin 770
Exposure, Hrs, 0 (control)] 1,000 2.000 3. 000 4,000
§ Date :
T:; Usit Ne. : A A A A
w
No. of Specimens 10 12 12
! Teasile strength, psi 3,458 1, 950 180 ‘
Tlt. elongation, % 400 430 220 "
- | Modulus , osi 810 526 Q7
=
s !
'; Swell index , % 8.1 8.3 8.1 :
=
= {Gel content, % 83.4 37 23.7% ‘
Appearaace Clsar 1 1 I
Total optical , % 7T
21TV cutoff, am 358 359 364
¥ Color, %T-400 am 72 50% 18 %
2| Dieles. Stgthe, V/mil NT NT
H
T | Leak curreat, ma NT NT
 Cooper dust, hT I
"
| = LGooDer metal — [
2| Alumipurm — ]
2 [50/40 Solder —_
w| Niekel Sm——
3 Titagium ——
Siiver ——
Notes :
1 = 20 charge 4 » strozg color 7 = melzad
2 = faint color 5 = degraded § # brokea

9 = surface craciks
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QLMR AGING g;ggg

Exposure Conditioa : _ OPT.
Material : EVA 9918 Notebook No:
Atmosonere :  Air Tempersture : 90 e &
Description :
Txposuce, Hra, 0 (control)] 1, 000 2, 000 2.500
g Data :
8
; Unit Na, : B 3 B B END
Y
No. of Specimens 10 28 ] H
Teasile strength, psi 1.89¢ 2.527 a. a.
Glt. eioogation, % 510 590 a. a.
- | Modulns , psi 890 1.190 2. a.
[ ]
9
'i Swell index, % 2.2 12.0 14.8 9.0
z Cel content, % 74 60.3 85.7 42. 4
Apvearance Clear . 1 1 Hazy
Total optical , % T
5 TV catnf , am k13 354 358 358
S] color » 76.0 s 28 14
2| Dielee, Stgthe, V/mil NT NT NT
<
9
% | Leak carrent, ma NT NT NT
o LGoUDer dust, & T
e LSovner metal e
2lAleminum —
2160740 Solder —
£ [ Nickel —
& Timsinm —
§unr Sam——

Table i8

Notes : &. Soscimen too degraded to be tested . No color . "Cheegy' consistancy ,

1 = 2o change
< = faint color
3 &« moderate color

7 s melted
8 = broken
9 = surface cracks

4 = stropng color
$ = degraded
§ = extreme degradation
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Projec: No. YMER A STYD Table 19
Exposure Condition ; QPT
Macerial : EMA 15257 Notebook Nos
Atnoschere : Air Temperature : 90 °C
Description
Exposure, Hrs. 0 (control)] 1,000 2,900
GiDate:
£ -
8 | Uait No. : B B B
&
No. of Soecimaens 10 28 10 END
Tensile streagth, psi | 2, 350 1,752 700
Ult. elongation, % 440 490 2290
- | Modulus , psi 3. 480 3.970 3,800
=
&
3 |Swell index, % 11.4 9.9 - 6.4
i
= [Gel content , % 81% 61.1 2%
Appearaace Clear 1 9
Totl oviical , %T
S|UV caeoit, = 38y 368 366
€l color » 65% 12 127
< | Dielce, Stgth., /=il NT NT
9
[ ]
% | Leak currest, ma NT NT
. | Covoer dust. HT
’g Covver metal Cmed
SlAluminum —
2160/40 Solder — |
P4 A ——
. { Nickel — )
3 [Zitasium — '
Gu"r — )
ilve
Notss : a. Polymer has yellow color and ''cheesy'’ consistency , Removed from
further testing .
1 = 20 ckaage 4 » strong color 7 = maelted
2 = Qaint color 5 s degraded 3 = brokea

3 s moderats color 5 , gxtremme degradation 9 = surface cTacks
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Proiect No, QLYMER AGING STUDIES Taple 20

Exposure Condition : QPT

Material : PU Z-259! Notebook No:
Atmosphere :  Air Temperature : 90 *C

Desceription :

Exposure, Hrs. 0 (control)} 1,000 2, 000
2 Date :
§ Unit No. : B B B
No. of Specimens 10 25 10 END
Tensile strength, psi 160 162 8.
Ult, elongation, % 115 233 2
- Modulus , psi 254 139 a.
iSﬂui.nd-x.% 2.7 4.2 3.5
= Gel coateat , % 93.2 95.0 93.7
Apvearance Faint 1 Yallow | V. Tacky!

Total optical , %T

UV cutoff , am 366 372 380

Optical

Color =

83

.
w

15 11%

Dielet. Stgtha, V/mil NT NT

Klect,

Leak cursrent , ma NT NT

Covver dust. % 7T

%

Covper metal

Aluminum
6§0/40 Solder

Carrosion

8. Mechanical properties appear to be OK, but the specimens have agressive
surface tack and cannot be handled for tmsting,

1 = no chaage 4 = strong color 7 = melted
2 = faiat color 5 e degraded § = brokea
3 » moderate color ¢ 4 extreme degradation 9 = susface cracks
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Proiect No. Q&YMER AGING g;gDIES Table 21
Exoosure Condition : OPT
Material : EMA 16717 Notebook No: 16729
Atmogvhers : Air Temverature : 90 *C
Description : EMA/TBEC/UVZ2098/Tinuvia 770
Exposure, Hrs. 0 icontrob)| 1,000 1.500 | 2.000
g Date : END
g Unit No.: B B B B
3
No. of Specimens 10 12 10 10
Teasile strength, psi | 2.887 2,200 1.8%0 590
Clt. elongation, ™ 644 410 429 160
= | Modulus , osi 3,940 3,180 3,085 3,040
E
<@
i Swell index, % 11,2 12.3 10,2 3.8
= i
~|Gel contezt, % 80.0 83.4 78.2 nn |
i
Apvearazcs Clear 1 1 a. ’
i i
Total ovtical , 7T ’
3oV curoff, am 363 162 363 174 {
<] Colozr, %T-400 zm 43 20% 17 8%
=] Dielet, Stgth,, V/mil NT NT NT !
9
3
Z| Leak cursear, ma NT NT NT
| Coooes dust, T ! |
*c Conper meral femed i |
2|Alumisum — 6 !
2150/40 Solder — i ]
= | Nickel — ; ;
& Timsium —_ |
ilver v ' '

Notes :  a.

off the gurface of the OPT .,

1 s no change
2 = faine color
3 o =oderatle color

4 = strong color

$ = degraded

5 = extrerne degradation

""Cheesy'' appsarsnce , no visible color , sprcimens had to be geraped

7 = melled
3 = 2rokez
9 » surface cracics
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Proiect No. PO&YMER AGING STUDIZS Zable 22
Exvosure Coaditien QPT

Material : EVA 16718-A Notsdook No: 16729
Atmosoaere : Air Temperature : 90 ¢
Description : EVA with TBEC, UV-2098. Tinuvin-770
Exposure, Hes, 0 (concroll| 1,000 1. 500 2. 000
§{Dace :
"% Tait No.: 3 3 B B
No. of Specimens 10 12 5 10 END
Tensgile screagth, osi 2,780 8. a. .
71t elongation, % 580 s. a. a.
- | Modulus , psi 782 8. s. a,
E
is-.n icdex , % 7.5 10.7 12.8 9.7
- T,
“!Gel conzeat, % 91.7 91.5% 96.8 56.8 |
Appearazce Clear 1 1 3
Toal optical , %7T
3oV cutofz, am 366 359 358 361
2~
~ | Color 7TT-400 am 58 30% 32.3 357,
2 Dieles, Stgth,, V/ =il NT NT ' NT
-
2
| Leak curzen:, ma NT NT NT
Cooger dust, & T a/s a/s a/s |
»g Gooper etal e
5l Alumisum —
2183/40 Soider —
£ Nickel — ;
& Ziasizm — ! i
ilver w— j | i
Notas : a. Soecimens too deformed to be tested . No color.,
1 & 80 chaage 4 = scrong color 7 » melzed
2 s Zaiat eolor % 2 degraded 8 » brokez
1 » moderate SoloT i, ex:reme degradation 3 » susface cracks



Proiect No,

CRIGUL L Ll od
OF FOO: GUALITY

gérma AGING STUDIES

Table 23
Exvosure Condition : OPT
Material : EVA 16718-8 Notebook Ne: 16729
Atmosphere : __ Air Temoerature : 90 °¢Cc
Description: EVA/TBEC/UV2098 no Tinuvia 770
Exposure, Hrs. 0 (coatzol)] 1,000
$ i Date :
E
| Uzit No.: B 8
a
A
No. of Specimens 10 12 END
Tensile stzeageh, pei | 3, 4358 s.
Tlt. slongation, % 600 a.
= | Modulus , asi 810 a.
L]
3| Swell index , 7% 8.1 797
z Cel content, % 83.¢ 95.5
Appearazcs Clear 6.7
Total optical , T
2| UV eutotf, am 358 s.
S Color, " 7T-400 am 2%, 8.
<| Dielet, Stgtha, V/mil NT
v
E}
T | Leak curreat, ma NT
[ Coooer dust. Tl
*, (Coover meal — '
2{Alumisum _— ! |
2160/40 Solder — i j
: ;\:.ch.l — |
3 Tiagium el '
Silver — ) !
Notes : 8.  Materials too degraded to perform tests . Polymer has ''cheesy”

consistancy . removed by scraping off the OPT surface .

1 = 20 change

2 s faine color
31 s modsrats color

4 = strong coler
5 u degraded
5 = extzemme degradation

7 = melited
3 = Sroken
3 = surface cracks
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Project No, MER AGING STUDIES Table 24
gsure Coadition : OPT

Mate:ial :EVA 9918 otebook Not
Atmosvhere : Air Temperature : 105 °¢
Desgcription ¢
Exposure, Brs, ] (coat:ou' 1,000 2,000

S |Date :

g -

g Usit No.: c ¢ c
No. of Specimaens 10 25 10 END
Tensile strength, psi | 1,890 1. 885 240
Ult. elongation, % 510 550 120

- | Modulus , psi 890 1. 200 612

<

9

'i Swell index , % 32.2 16,1 16,2

Z!Gal conteat, % 74,0 80.7 69%,
Appearancs Clear | 2 6, 7. acky
To:al optical , #T

3oV cuott, am 3858 353 158

au Color T 400 W0 18 187,

2| Dieles Stgthe, V/mil NT NT

[*]

9

| Leak curreat, ma NT NT

- Cooper dust, %T
Copper =metal e

3 araisnen e

: 2_:/40 Solder —

u | Nicksl —

3| Tisium —

'_Ilv.r S

Notss : a, Specimens degrading , littls physicsl integ=ity , sticky, no color.

1 » no change 4 s gtrong calor 7 = melted
2 » faint eolor 5 s degraded 8 = drokes
3 » moderats ¢oloT 4 4 extreme degradation 9 = susface eracks




ORIGINAL PAGE S
OF POOR QUALITY

Project No. Qﬁ'{mn AGING s_'r_vgtgg . Table 25
Exposure Condition ; OPT
Material ; EMA 15257 Notsbook No:
Atmogphers :  Air Temperature : 105° ¢

Description :

Dxposure, Hrs, 0 (control)| 1,000 | 2,000
g Date : '
:'% Uait Ne. c c c

No. of Specimens 10 28 10 END

Tensile streagth, pai 2, 850 1, 420 320

Ult, elongetion, % 640 455 30
< Modulus , psi 3,480 3110 1,610
iSnui.ndu.% 1.4 15.9 7.1
z Gel conteat, % - 81% 65.9 79.0

Appearasce Clear, 1 9 *

Total optical , %T
;3; TV cutofl, am s 367 185
5‘ Color % T-400 am 65% 15 (1]
4 Dislet, Stgthe., V/mil NT NT
5 L4k carrent, ma NT NT

Copger meaal

3780 Serder

Nickel

Carvoaion

izl
zl:::m

Notes : 4, Degradsd . ''chregy' consistancy

1 = a0 change 4 = strong tolor 7 » melted
2 = &ulat color 5 » degraded 8 » brokena
3 o moderate color 4 5 extreme degradacion 9 « surface coucks
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Proiect No. EOLYMER AGING STUDIES Table :6
Exposure Condition: __QPT _ _ .
Material s PU Z-2591 Notabook No:
Atmosphers 1 Ajr Tempezature : 108 °¢C
Legcription :
Exposurse, Hrs, 0 (control)l 1,000 2,000
§ Dats :
g Tait No.: | (o1 c c
Nu, of Specimens 10 25 10 TND
Tensile strength, poi 160 220 8.
Ult. elongation, % 118 258 a.
- Modulus , psi 254 19% a.
i Swell index , 7 2,7 3,8 S, 1
£ Gel content , % 93.2 98,5 86,3
Appesrance ;{‘l{:f, 2 6. tacky

Total eptical , %7

TV cutoff , am 366 373 70

Optical

Color 7T - 400 am 63,3 27 19%

Dieles, Stgtha, V/mil NT NT

Elect,

Leak current, ma NT NT

Covper dust, 7T

ey metal

Alumisum

__ZO /40 Solder

Nickel

Corruvsion

Iianium
Silver

Notes : 4, Too degraded to be tegted , specimens had to b scraped off surface ,
Vary sticky yollow macerial,

1 = no chanye 4 = strong color T » melted
2 = faint color S s degraded 8 ¢ broken
3 @ moderate color 4 o extrerae degradation 9 = surface cracks
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Proiec: No. PO&Y;\-ER AGING STUDIES
Table 27

Exposure Condition : OFT
Material : EMA 16717 Notebook Ne: 16729
Atmosvhers :  Air Temperat:re : 105 °C
Description : EMA/TBEC/UV2098/Tinuvia 770
Exposure, Hrs. 0 fcomezoll] 1,000 | 1.500 |
- i
8|Date : END
3 | it No.: c c c
- %
A
No. of Specimens 10 12 6
Tensile scrength, nsi 2,987 1,530 440
Tlt. elongation, % 644 424 60
_| Modulus , psi 3, 940 2,980 | 2.900 ]
L]
1 |
W |Swell index , % 1.2 11.2 11.5 |
-
=1 Gel contear, % 80.0 80.3 81.6
Ajgearaace Clear 3 a. I
Total ootical , %7
2oV cutotf, am 363 363 374
<l Color, % T-400 am 43 28 6.3
< | Dieles, Stgthe, V/mil NT NT '
)
2
3| Leak curreat , ma NT NT
. Covver dust, % T |
= .Goover metal a—
21 Aluminsum —
3150/40 Solder —
= | Nickel — I l
é | Titanivme —
Silver a—

Motes : a. The specimens were obviousiy depolyne rized , '"cheesy’ in consistanc~
and had to be carefully removed form the module surface ,

1 = 20 ckaage 4 = strong color T = melted
2 » faine color § = degraded 8 s Sroken
3 = moderate ¢olor ¢ 4 exzreme degradation 9 = suriace cracks
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Proiect No. POLYMER AGING STUDIES Zaole 37

Exposure Condition : OPT

Material : EVA 16718-a Notsbook No: 16729
Atmosohere : Air Temperature : 108 *C
Description : ©va_TREC. o § )
Exposure, Hrs, J (contrel)] 1,000 1. 500
; Date : END
2 :
i Tait Neo.: Cc C c }
)
No. of Specimens 10 12 10
Teasile streagth.psi| 2, 760 1. 390 230 i
Tlt. elongation, % 530 343 170
- | Modulus , psi 782 631 590
E }
<&
'a; Swell index , & 7.5 8.4 10.1
- i
=iGel content, % 91.7 83,1 10
Appearancs Clear 1 T *
Total ootical , %T
Elov cawts, am 360 360 359 |
1!
& Color 58% 34 28 '
< | Dielet, Stgthe, V/mil NT NT
9
-]
al| Leak current, ma NT NT
| Coover dugt, BT I
')g Cooger metal —
SiAluminsun —
3160/40 Soldes —
= [ Nickel —
3 (Tieasium — {
ilver — ) }

Notas : a. No color, polymer has degraded mechanical propertiss .

1 = oo chaage 4 = strong color 7 = melted
2 = faizt color 5 = degraded 3 = brokez
3 @ moderate colo?  ; , gxtreme degradation 3 s surisacs cracks




Proiect No,

ORIGINAL PAGE 3
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.2&?5@& AGING swng

Exposure Coedition : QPT_
Material : EVA 16718-B Notehook No: 16729
Air Temoverature : 108 *¢C

Acmosohere :

Cescription : Eva/TSEC/UV2098

No Tinuvia 770

Tapvle 29

Exposure, fHrs. 0 teoatroV 1.000 ]
3| Date :
2 This material removed from
3 ! Crit No.: c c further testing du.c to severe
03 degradation ocurring within
| No. of Specimens 10 12 200 hours of axposure .
|
Tensile scresgth, nsi 3,£38 a. [
Clt. elongatioa. % 600 a. l
- | Modulus , psi 310 a. [
E ]
9
3| Swell index . % 8.1 887 ]
s -
~1Gel content, % 83. 4% 67.1 ’
! |
| Appearazce Clear "melted’ | | I [ #
Totl optical , %T | |
; TV cutoff, am is8 a. ‘
] coloz, %T-400 2m 2% s |
<! Steles, Stythe, V/mil NT ’ i'
o
g ‘
F| Leak current , ma NT ' ’
e ? duset, T | ] } i
*:‘ Coorver mecal — i ] ! ]
SlAlumingm — i | | !
2130/40 Solder — | B
= [ Nickel — !
& Titanium — ; } :
Silver — | j i ! i

Noes : a.
' noticable ,

! = 2o chazge

2 s faint coler
3 s moderate color

"chessy'' consistancy ,

4 = strong color
5 » degraded
4 = extreme degradation

T & meited
8 = Srokez

Cazazot be tested dus to Slow of spacimens. No yellow color . surface tack

9 = surface cracks
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APPENDIX B

Figures 1 through 3
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FIGURE 1 ALy
Soiling Experiments
Material: Sunadex Glass
Exposure: 28 months, Enfield, Connecticut
Measurement: Percent loss in short circuit current

(Isc) with exposure time

Months Exposure 2 4 6 8 10 12 14 16 18 20 22 24 26 28

N
I3
’ L
N
2% v
\
\
\
4%
8]
0
M 6%
8%

Control value, untreated

e s mme ¢ = o e Treated with Ozone, then E-3820
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FIGURE 2
— OF POOR QUALITY

Soiling Experiments

Material: Tedlar 100BG30UT

(supported on glass carrier)
Exposure: 28 months, Enfield, Connecticut
Measurement: Percent loss in short circuit current

(ISC) with exposure time

Months Exposure 2 4 6 8 10 12 14 16 18 20 22 24 26 28
A
I\l
I \r”\ .
0 . \.
N 1 : \
\ : / \
oy \,\ ” ‘V'/.\Ju I " i \
. A . 7 ., " 3
\‘ i N7 Y \ { \ !
il \ {/
\|/ /
Y
4%
Q
/2]
i
8% i

Control value, untreated:

Treated with E-3820



FIGURE 3
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Soiling Experiments OF POOR QUALITY
Material: Acrylar X-22417 Acrylic Film
{supported on glass carrier)
Exposure: 28 months , Enfield, Connecticut
Measurement: Percent loss in short circuit current

(Isc) with exposure time.

Months Exposure 2 4 6 8 10 12 14 16 18 20 22 24 26 28

\ [}
\ n
\ tA I
\ AV VAR N E A\
2% I . o r"'(
N T Y H 1N
\ / \"\ i’ \
{ ) \/
\ “ A . \.. o
o 4% A \'\l/\. I! \' 1' J w
- [N T N
VN
LA "
o% \
8% P /\]X \

Control value, untreated

Treated with E~3820



